This study was designed to explore floristic variation along the Pacific coast from Cook Inlet, Alaska, to the southern tip of Baja California, Mexico. Data corresponding to 965 phytosociological relevés (including 686 vascular plants) obtained by sampling 279 coastal sites were examined. Using an objective classification system (Average Linkage Clustering), floristic data acquired in fieldwork were related to the macroclimates of the study area. The registered taxa were grouped into phytogeographical elements, giving rise to a phytogeographical classification in which eight floristic provinces were distinguished. Floristic differences among provinces were correlated with palaeoclimatic and palaeogeographical events. The boreal and temperate provinces show high percentages of broadly distributed elements, whose origins can be found in the Boreotropical or Arcto-Tertiary geoflora that dominated the Northern Hemisphere during the Tertiary. The floristically richest provinces are the three that occupy the Mediterranean zone, since these provinces harbour elements of Arcto-Tertiary and Madro-Tertiary geofloras. The flora of tropical Baja California is characterised by a high number of taxa related to Neotropical flora, especially to those showing links with South America.
Introduction
This paper presents a phytogeographical classification of the Pacific Coast of North America mainly based on the floristic analysis of azonal coastal vegetation types. As considered here, azonal vegetation types are those influenced to a greater extent by the soil than by climate [1] , and include typical coastal vegetation types such as those inhabiting lithobiomes (ocean-facing cliffs), psammobiomes (beaches and dunes), halobiomes (saltmarshes and areas of vegetation types influenced in greater or lesser measure directly by exposure to air-borne salts) and amphibiomes (wetlands).
Since the times of Humboldt, plant geographers have been aware of species range restrictions, recognizing that plant species can be grouped on the basis of similarities among their geographic distributions [2] . Taxa within a study area are classified into floristic groups based on simi-larities in their worldwide geographical distributions [3] . Such floristic assemblages have been generally termed "areal types" [4] , "floristic groups" [5] , "geographical elements" [3] , or "phytogeographical elements" [6] . One of the principal objectives of biogeography is the identification and classification of floristic elements and their corresponding areas [7] .
In a previous study [8] we performed an analysis of the zonobiomes and zonoecotones of the North American Pacific, from Baja California to Alaska. The present study was based on the results of this study but was specifically designed to explore floristic variation with the ultimate aim of generating a phytogeographical classification scheme up to the province level through the definition of phytogeographic elements. With the exception of the use of fauna as a classification factor, the division into provinces presented in this article attempts to follow Dice's criterion of considering provinces as reasonably discrete areas with characteristic physiography, climate, vegetation, flora, and fauna [9] , a definition also applied with some modification in the classification schemes of Peinado et al. [10] , Bailey [11] , Brown et al. [12] , and Rivas-Martínez et al. [13] .
Study Area
Overlooking the Pacific Ocean, the study area extends over 7000 km from southwestern Alaska (61 • 30 N) to Baja California, where the southernmost site was sampled at 23 • 02 N. In longitude, the area reaches its western limit on Kodiak Island, at 152 • 34 W, while the easternmost site sampled was 109 • 34 W, in Bahía de Las Palmas, Baja California Sur (Figure 1 ). The whole area forms part of the largest and highest of North American physiographic systems, the Pacific Border System [14] , which is the backdrop for most of the ocean's shores.
Four zonobiomes (ZBs) can be distinguished along this latitudinal band: boreal (ZB-VIII), warm-temperate (ZB-V), Mediterranean (ZB-IV), and ZB-III or subtropical arid. Two transitional zones or zonoecotones (ZEs) occur between the California-Oregon border (ZE-IV/V) and around 30 • , near El Rosario, Baja California (ZE-IV/III). These zonoecotones show a marked floristic and endemic richness [8, 17] .
Materials and Methods
This study was based on a floristic analysis of vascular flora recorded at 279 sites along the Pacific coast, including the islands Kodiak and Vancouver (Figure 2 ; see [8, Appendix 1] for site locations). The aim of the fieldwork was to draw up lists of plants for each site and evaluate the significance of each plant in their respective habitat. To this end, habitats were differentiated in each site on the basis of physical features, the physiognomy and structure of the vegetation, and species dominance. In each habitat, we selected a plot of size based on the concept of the minimum area of relatively uniform stands [18] . Phytosociological relevés were taken in each plot according to the Braun-Blanquet approach [15] . 965 relevés were conducted comprising 381 genera and 686 infrageneric taxa.
With the data obtained in the field, a double entry matrix (sites and species) was constructed, in which the cover/abundance values of the Braun-Blanquet scale were transformed into a binary scale of presence (value 1) or absence (value 0). This matrix was used to classify the data using SPSS v13.0 software, starting with a matrix that included each plant recorded in the relevés, together with their respective values. Classification was based on square Euclidean distances calculated by an Average Linkage Clustering (ALC) method of similarity. ALC is one of the most frequently used methods in vegetation similarity analysis, in which the process of fusion is based on the minimum average distance between individuals and groups. The advantages of the ALC over single or complete linkage clustering were summarized by Peinado et al. [19] .
The next step was to recompile the information available for the distribution area of each taxon recorded in the field.
To do this, bibliographical sources were used (see [8] for data sources) along with distribution maps obtained from the 2008 version of the USDA database. According to their distribution areas, the registered taxa were distributed in phytogeographical elements (Table 1) . Plant nomenclature usually follows USDA [20] , except for Bajacalifornian taxa [21] , Agave [22] , Helianthus [23] , and Isocoma [24] . For genera see Wielgorskaya [25] .
Finally, the sampled sites were assigned to a meteorological station according to their geographical proximity. Every station was classified using the bioclimatic system of Rivas-Martínez [16] . Thus, sites were then assigned to a particular climate: Boreal, Temperate, Mediterranean, or Tropical.
Results and Discussion
The cluster diagram obtained using the matrix of 279 sites is shown in Figure 3 . This initial site classification separated six large groups. According to the geographic location of the sites and their assignment to a climate, four of the groups correspond each to a climate zone (Boreal, Temperate, Mediterranean, or Tropical) and two groups to transition zones or zonoecotones (ZEC-1 and ZEC-2). These four climate groups were, in turn, divided into subgroups. To identify the floristic composition of these groups and subgroups, a synthetic table was created by scoring species as presence percentages in each group and subgroup. A summary of this table showing the most significant differences among subgroups is provided as Table 2, whereas Tables 3  and 4 show the phytogeographical elements grouping plants of each climate zone and cluster subgroups. Tables 5 to 8 reflect main floristic differences between adjacent climate zones. These summary tables only provide data corresponding to the most significant coastal plants. In these tables, the term "differential taxa" is used to refer to those plants that, without being endemic to a particular climatic or phytogeographic unit, serve to floristically differentiate it from a neighbouring unit lacking these differential taxa. Finally, Appendix A provides lists of 381 genera and 686 infrageneric taxa grouped by phytogeograhical elements. last two dominant in coastal woods of ZB-V. None of the genera of this element reach the tropical zone, and three extend as far as the boreal climate zone (Menziesia, Oplopanax and Tiarella), while largest numbers concentrate in the temperate and boreal zones. Only 13 species can be included in this element, because most North American-Eastern Asian genera are monospecific and their respective species are endemic to other phytogeographical elements. Most of these species are Amphiberingian taxa (see, [27] Lathyrus japonicus var. maritimusare the only plants of this element that reach the coasts of Alaska. There are only nine North American endemic genera, but some such as Ceanothus and Eriogonum are of considerable phytogeographic impact since they present several endemic species. There are 23 endemic genera in the Western North American element, some being significant for the coastal vegetation as dominant plants in dune communities: Abronia (tropical, Mediterranean and temperate foredunes), Ericameria and Eriophyllum (mainly Mediterranean and also reaching southern temperate dunes), Corethrogyne (Mediterranean dunes), and Wislizenia (tropical dunes).
There are no endemic genera in the Boreal Northwestern Pacific element. Some of its 13 infrageneric taxa are exclusive to coastal habitats, such as Atriplex alaskensis, A. drymarioides or Puccinellia hultenii, which appear in salt marshes and coastal mud flats, along with Ligusticum scoticum subsp. hultenii and Poa eminens, which are very characteristic of the beach vegetation. Others, on the contrary, appear to be essentially coastal although they may penetrate slightly inland, as is the case of Betula papyrifera var. kenaica, Castilleja unalaschcensis and Geranium erianthum (coastal forests). The Temperate Northwestern Pacific element lacks endemic genera and has only two endemic species: Grindelia integrifolia and Scrophularia oregana, both spreading from south Oregon to British Columbia. Other species of coastal habitats have their distribution areas restricted to the temperate zone, and also penetrate adjacent climatic zones.
These species distributed along the Pacific coast across more than one climatic zone, constitute the Pacific Coast element, in which 53 infrageneric taxa were included.
Madrean taxa are those occurring in both Mediterranean and tropical climate areas of the North American Southwest. Only one Madrean genus, Dudleya, penetrates slightly into the temperate zone of southern Oregon. The species in this element exclusively concentrate in the zones Mediterranean and Tropical, and highest proportions occur in the transitional groups ZEC-2, MED-7, and TRO-1. Only two of the twelve Californian genera, Sequoia and Umbellularia, penetrate into the southern temperate groups TEM-5 and TEM-6, while Aphanisma enters the northern tropical group TRO-1. The Californian element is the most outstanding in terms of its number of endemic species. This exceeds 40% in some southern subgroups that accommodate the largest number of endemisms of the whole Pacific coast, including the genera Bergerocactus, Cneoridium, Ornitostaphylos, and Xylococcus, almost endemic to Mediterranean Baja California. Eleven species of the Californian element appear in the Tropical group, all recorded in the northern region of the El Vizcaíno peninsula, just south of the boundary between the Mediterranean and tropical climate zones.
The Sonoran endemic element, centred in the desert areas of western North America, includes nine genera of wide distribution in the Sonoran province. One Sonoran endemic genus (Peucephyllum) was observed in the southern Mediterranean group MED-7 and two (Pachycereus and Table 3 : Classification results: summarized data for the number of genera on each clustering according to sixteen phytogeographical elements (for abbreviations see Table 1 ). Each line gives the percentage (rounded) of the total number of taxa (last column). Journal of Botany Table 4 : Classification results: summarized data for the number of infra-generic taxa on each clustering according to seventeen phytogeographical elements (for abbreviations see Table 1 ). Each line gives the percentage (rounded) of the total number of taxa (last column). The number of introduced genera and species decreases toward the climatic extremes of the study area, attaining highest values in the temperate and Mediterranean zones, subjected to greatest human pressures. In some cases, as for the European marram grass, Ammophila arenaria, for Carpobrotus edulis, Spartina alterniflora, several species of the genus Bromus, or Mesembryanthemum crystallinum and M. nodiflorum, the importance of introduced species is the result of the intense changes they induced or still induce in some coastal ecosystems of the northern Pacific [28] . Twelve genera, such as Agrostis, Atriplex, Bromus, Cakile, Plantago, and Rumex or Spartina, are represented by introduced and native species. In these cases, we considered the genus as native and recorded the species as introduced or native in the corresponding category in Appendix A.
A close relationship also exists between the climatic distribution of the introduced species and their centres of origin. Species of the genera Bromus, Carpobrotus, Cytisus, or Mesembryanthemum, from other zones of Mediterranean climate in the world have been preferentially or exclusively introduced in the Mediterranean climate zone of North America. The genera Aira, Ammophila, Cakile, Holcus, Hypochaeris, or Ulex, from the temperate and Mediterranean zones of Europe, have become naturalized in the same climate zones of North America.
Phytogeographical Elements, Origins and Relationships among Northern Pacific Coastal Flora.
In the study zone, 354 indigenous genera were recorded, of which 282 were genera shared with the flora of other continents. Of these 282 genera, 191 are shared with Eurasia-Africa and 189 with South America. Although in some cases we cannot rule out dispersion models linked to water or air currents, or bird migration [29] , it seems clear that we should look to the past to search for most of these intercontinental relationships linked to palaeoclimatic and palaeogeological events.
North America has never been isolated completely from the rest of the world, at least since 300 Ma, although it did separate from individual continents in different geological times [6] . Given that most angiosperm families and many genera arose and underwent diversification during the Cretaceous/Tertiary transition [30] , intercontinental connections allowing the exchange of flowering plants must have existed at this stage or must have been subsequent to this epoch.
In the late Cretaceous, the Northern Hemisphere was colonized by two floras: Pacifis, which extended from the east of Asia to western North America, and Atlantis, covering the area from eastern North America to Europe [31] . Intercontinental connection was achieved by two land bridges: the North Atlantic bridge, between eastern North America and Europe, and the Bering bridge, between eastern Asia and western North America [32, 33] . Both these land connections allowed the ample transfer of plants between continents, although North America was divided by the Midcontinental Seaway, extending from the Gulf of Mexico to the Arctic, at least up until the start of the Tertiary, when its retreat northand southwards was to clear the way for intracontinental migration [34, 35] .
Since the early Tertiary and over the following 40 million years, an equable warm climate affected the entire Northern Hemisphere [36] , allowing the existence of the socalled Arcto-Tertiary [37] or Subtropical-Boreotropical [38] geoflora (the authors are aware of the limitations of the geoflora concept as originally defined, but for the purposes of this paper it provides a useful background for discussion; see [35, p. 106-109] . This geoflora formed a more or less continuous belt around the present Arctic and covered the current latitudes of almost all Eurasia and North America [36] . Fossil data show that many tree genera of the modern coastal flora (e.g., Alnus, Betula, Fraxinus, Quercus, or Rhus) also occurred in the boreotropical flora of North America and Eurasia [35, [39] [40] [41] . Phylogenetic, molecular, geologic, and fossil data all support the hypothesis that the eastern Asian and eastern North American disjunct distributions are relicts of the maximum development of temperate forests in the northern hemisphere during the Tertiary [42, 43] . Fossil and geologic evidence supports multiple origins of this pattern in the Tertiary, with both the North Atlantic and the Bering land bridges involved [44] . Intercontinental connections between Eurasia and North America would have continued well into the Eocene, with the disruption of the North Atlantic bridge [33] until as recent as some 10.000 years ago when the Bering land bridge finally disappeared [45] . Links with Africa were less significant, and leaving aside the ancient connection of the Pangaea supercontinent (c. 245 Ma) can be explained by two routes: one evoking the drying of the Mediterranean Sea during the Miocene [46] , allowing intense exchange of species between Eurasia and Africa, and the other more ancient route, goes back to the Late Cretaceous, which saw the definitive separation of America from Africa [47] , although there may have been a relatively easy migration route subsequent to this via chains of islands or via the Brazilian-Nigerian land bridge that persisted until the end of the Cretaceous [48] .
Despite its current connection via the Isthmus of Panama, migrations between North America and South America have a more recent origin. North America and South America were joined from the end Carboniferous (c. 300 Ma) until the Early Cretaceous (c. 120 Ma; [49] ), that is, since before the diversification of the angiosperms. Since then and until the uplift of the Isthmus of Panama during the Mid-Pliocene, 3 Ma ago [50, 51] , North America and South America were separated by a large body of water that attained a distance of 3000 km [52] . The subsequent formation of the isthmus allowed the opening of the wellknown migratory corridor of Panama. This corridor has enabled the fluid migration of plants of tropical origin, from South America to North America, and of those of temperate origin in the reverse direction. This explains both the presence in South America of some taxa of Holarctic origin (Empetrum, Pyrola orVaccinium), having migrated across mountain tops following the Orogenic movements of the end Pliocene that uplifted the Cordillera [52] [53] [54] , and the presence on the Pacific coast of basically tropical northern taxa including families such as Cactaceae, Fabaceae (Mimosoideae), Nyctaginaceae, or Zygophyllaceae, and genera such as Agave, Asclepias, Errazurizia, Gaultheria, Phoradendron, and so forth. However, considering the millions of birds that fly between North and South America every year, some transport of seeds seems probable, especially in communities such as those of seacoasts or seasonally moist places frequented by migratory birds. Seed dispersal by birds might explain the distribution along the entire Pacific coast of some coastal plants that presumably are self-compatible and autogamous: Amblyopappus pusillus, Ambrosia chamissonis, Crassula connata, Cardionema ramosissimum, Juncus lesueurii, Limonium californicum, or Sanicula crassicaulis [29] . Greatest concentrations of tropical flora occur on the coast of Baja California, a peninsula that separated from the continent during the Late Tertiary, around 3.6 Ma ago [55] , a time of intense specialisation of its flora, including 751 endemic taxa, of which 22 are endemic genera [10] .
Of the 354 North American indigenous genera, 73 are North American endemics. Only nine of these extend from the Atlantic to the Pacific coast, while 64 thrive across the western half of North America, essentially from the Rocky Mountains to the Pacific. Of these 64 genera, 41 are southwestern endemics and 16 are endemics from Mediterranean California and Baja California, including genera that are local endemics of very small distribution area and almost restricted to coastal sites: Aphanisma, Bergerocactus, Cneoridium, Harfordia, Ornitostaphylos, Sequoia, and Xylococcus. At the species level, of the 521 North American endemics found in the study area, 251 (48.1%) occur in the Mediterranean area including 142 Californian and Baja Californian endemics. The Mediterranean zone shows the highest level of endemics of the entire study area, consistent with global levels, since Mediterranean California and Baja California have long been described as two important areas of biogeographical differentiation.
In the Mediterranean climate zone, there is interplay between mesic elements derived from Arcto-Tertiary geoflora and the xeric elements arising from Madro-Tertiary geoflora. The set of endemic taxa restricted to the southwest (Madrean, Californian and Baja Californian) is related to the Madro-Tertiary geoflora [37] , whose existence is linked to climatic isolation, because the Mediterranean climate of southwestern North America only developed in the late Tertiary and this area has never been in direct contact with any other region of Mediterranean climate [56] . The existence of the taxa widely distributed in North America (North American and Western North American endemics), may be explained with the same argument presented for elements shared with Eurasia: their origins lie in the boreotropical or Arcto-Tertiary flora. Since the Oligocene, the warm climate that had characterized the Northern Hemisphere during the previous 40 million years turned colder in the Pliocene became intensely cold in the Pleistocene [33] . This temperature change had profound consequences on the Arcto-Tertiary flora, which underwent massive extinctions or migrations toward southern refugia. The Wisconsinian glaciations clearly affected all the temperate and boreal coastal zones, decimating the flora of lowlands, whose vegetation was replaced with a subalpine parkland comprising a mixture of lowland and montane trees such as P. sitchensis and P. contorta [57] . These were found in small pockets of unglaciated land [58] such as in the Queen Charlotte Islands, a glacial-age refugium [59] . The relatively high number of coastal boreal endemics (13) contrasts with the reduced number of species endemic to the Temperate Northwestern Pacific element (2) . During the full-glacial conditions of 18.000 years ago, complexes of continental ice sheets dominated a good part of the land nowadays occupied by boreal and temperate vegetation [57] . However, since there were only local glaciers between the Tanana and Yukon rivers and in Central Yukon, a large refugium appeared in Alaska-Yukon [60] . This may have been crucial in determining the presence of relatively large number of endemics in boreal areas compared to temperate ones.
California is one of the most important areas of survival and persistence of relicts derived from the boreotropical flora [38, 61, 62] because of equable maritime climate and because, since Late Pliocene times, the uplift of the Sierra Nevada-Cascade axis prevented the increasing aridity from spreading to coastal areas of mild or moderate climate [63] . The story for northwestern Baja California is even more remarkable. This Mediterranean corner of Baja California has about 1322 native vascular plants (Moran in [64] ), 902 of which are not usually found in the rest of the peninsula; besides there are 633 genera, 292 of which do not exist elsewhere on the peninsula. Thus, this area, whose surface (24,500 km 2 ) only constitutes 17% of the peninsular area, contains almost half of the species (44%) and nearly three-quarters of the genera (71%). On the other hand, approximately 227 species in northwestern Baja California are not found within the borders of California (Moran in [63] ). The floristic richness of Baja California is mainly concentrated in its Mediterranean northwest.
The key to understanding this accumulation of diversity lies in the origin of the Baja Californian floristic elements. Based on floristic analysis, Peinado et al. [10] described northwestern Baja California as a place of refuge as much for taxa from the ancient Tertiary geoflora as for taxa from the Sonoran desert, which found a magnificent refuge from the climatic oscillations of the Late Wisconsinian glaciation along the Baja California coast. According to the terminology used by Stebbins and Major [65] , the Mediterranean coastal zone of southern California and Baja California has high concentrations of palaeoendemics and neoendemics. (Figure 1) 
Phytogeographical Classification

Boreal Climate Area (ZB-VIII): Hudsonian and Sitkan
Provinces. The earliest phytogeographical treatment of the boreal climate area is that of Dice [9] who considered two provinces, one of continental boreal climate (Hudsonian) and another of oceanic boreal climate (Sitkan). All the sites of boreal climate occur in Alaska. When the sites in subgroup BOR-1 are projected onto a map, they clearly take up positions across Cook Inlet, a continental boreal area that lacks Picea sitchensis and where Hudsonian forests dominated by white spruce, Picea glauca, reach the Pacific Ocean [9, 11] , sustaining endemic or exclusive plants that are absent from the BOR-2 subgroup ( Table 4) Sitka spruce is the present-day dominant tree along the coast, on the most foggy and rainy coasts of the Sitkan and Oregonian provinces from the Gulf of Alaska to the northwestern corner of California. Despite the common floristic background of these coastal forests there are also significant floristic differences between the oceanic boreal and temperate coastal forests. The former belong to the association Lycopodium annotinum-Tsuga mertensiana and the latter to the association Poystichum munitum-Picea sitchensis [66] . The absence of coastal shore pine forests in boreal areas is another difference between boreal and temperate coasts, while woods of Picea glauca and its associated flora are characteristic of the boreal zone [8] .
Temperate Climate Area (ZB-V): Oregonian Province.
Many classification schemes [8, [11] [12] [13] [66] [67] [68] coincide in distinguishing floristic or ecological units replaced at the latitude of Dixon Entrance (54 • 20 N) , approximately at the northern limit of British Columbia, where Dice located the border between the boreal Sitkan and the temperate Oregonian provinces. The sites between northern British Columbia and southern Oregon, that is, in the ZB-V, clustered as a single group. These sites are in the Oregonian province [9, 12, 67] , also called Cascade province [13] . Peinado et al. [8] described the floristic changes occurring in the vegetation of beaches, dunes, sea-facing cliffs, saltmarshes, and climax forests that delineate the phytogeographic boundary between ZB-V and ZB-IV, which coincides with the limits between the Oregonian province and the Californian region.
Mediterranean Climate Area: Northern Californian, Southern Californian and Martirense Provinces.
There are 94 sites linked to Mediterranean meteorological stations, most of which gathered together in the Mediterranean cluster, which is floristically the best differentiated group. Raven et al. [63] calculated that Mediterranean California harbours 2,133 endemic vascular plants (48% of its entire flora). The number of Californian endemics recorded in the narrow band of coastal vegetation of the MED group amounts to 40.8% and reaches 50% in MED-3 ( Table 4 ). The number of endemic genera is also outstanding ( Table 3 ). More than 50% of the Californian endemics recorded are "maritime endemics," that is, restricted to coastal habitats, and with rare exceptions, the rest penetrate slightly inland.
Most classification schemes concur that the entire Mediterranean zone of California should be considered a phytogeographical unit well characterized in floristic and climatic terms. The floristic individuality of Mediterranean California has been repeatedly highlighted (see [63] ) since the first phytogeographic works of Abrams [61] . The origin of the flora of California and isolation of the Mediterranean climate zone of the North American southwest since Tertiary times (see [69] for a review) also support the phytogeographical individuality of Mediterranean California.
Peinado et al. [10] divided the Mediterranean zone of western North America into three phytogeographical provinces ( Figure 1 ): Northern Californian (from southwestern Oregon to Point Conception), Southern Californian (from Point Conception to San Diego County, near the international border), and Martirense (from San Diego to El Rosario, Baja California). These divisions are supported by floristic and vegetation data [8] and by our analysis of the endemic component (Table 8 ). There are two large distribution areas of Californian endemics: the coast of California (in turn divided into two subareas) and the coast of northwestern Baja California, including the neighbouring coast of San Diego County. 96 of the Californian endemics have their distribution areas within the state of California. 21 of them penetrate slightly into southern Oregon and 42 penetrate into northwestern Baja California. Of the 96 Californian endemics recorded on the coast of California, 42 show a southern distribution area that does not extend beyond Monterey Bay, such that they may be considered differential taxa of the Southern Californian province with regard to the Northern Californian province. 16 of these 42 southern taxa fail to reach San Diego County, and are therefore Southern Californian province endemics. Fourteen of the Californian endemics are northern species that do not reach Monterey Bay, and may thus be considered endemic to the Northern Californian province.
Subgroup MED-5 (relevés from Pt. Conception and its surroundings), at the border between the Northern Californian and Southern Californian provinces, occupies an intermediate position. Point Conception falls in a region of climatic shift recognized by Thornthwaite [70] and Pickart and Barbour [71] . This shift is reflected in changes in the Table 5 : Summary of differential and common taxa for the boreal (BOR, including the Sitkan and Hudsonian provinces) and Oregonian (ORE) phytogeographical areas. Scores are presence percentages (rounded). Species marked with an asterisk are Oregonian-Californian differential taxa (see Table 6 ). Honkenya peploides subsp. major * 56 11 flora and coastal vegetation. Apart from some local endemics in the dune systems of Point Conception, many plants of Northern Californian distribution reach their southern limit and coexist for the first time with the taxa of the Southern Californian group. Breckon and Barbour [72] , Barbour et al. [73] and Raven et al. [63] assigned the ecotone between two ecofloristic coastal floras to this area. Between Pt. Conception and San Diego, we find the large urban developments of southern California whose dune ecosystems have disappeared completely, although some last century works indicate their floristic relationship with those of Point Conception [74] , supporting their inclusion in the Southern Californian phytogeographical province.
Subgroups MED-6 and MED-7 comprise the sites of the southwestern corner of California and those of Baja California north of parallel 30 • 30 N, that is, they occupy a semiarid Mediterranean subzone, whose flora is characterized by the so-called Peninsular floristic element, corresponding to the Martirense phytogeographical province [10] . The Mediterranean climate area of northwestern Baja California harbours 41 exclusive taxa, which means that in this small area spanning a little over two degrees of latitude from San Diego to El Rosario, there are 83 Californian endemics, 49% of which are local endemics. Three monospecific genera are endemic to the area: Cneoridium, Ornitostaphylos, and Xylococcus; and further three, Aphanisma, Bergerocactus, Table 6 : Summary of differential and common taxa of the Californian region (CAL) and the Oregonian province (ORE). See Tables 5 and 7 for further differential taxa of the two zones (species marked with an asterisk in Table 5 are differential taxa of the Oregonian province and those marked in Table 7 are differential taxa of the Californian region). Scores as in Table 5 . and Harfordia, are almost endemic. Of the 12 Californian endemic genera, ten (except for Ericameria and Sequoia) are also present in northwestern Baja California. Subgroup ZEC-2 included 14 sites at 29 • to 30 • 30 N, in the transition area between the Mediterranean and tropical zones. The flora in cluster ZEC-2 shows features that are intermediate between those of the climatic zones Mediterranean and tropical, but the climatic characteristics of this zonoecotone are Mediterranean, and the proportion of infra-generic taxa related to the Mediterranean zone is much higher than that related to the tropical zone in its entirety ( Table 4 ). Peinado et al. [19] examined the flora of this territory and included it in the Martirense province.
Tropical Climate Area (ZONOBIOME III): Baja Californian and Sanlucan
Provinces. The flora of Baja California, except in its northwestern corner belonging to the Martirense province, is characterised by a high number of taxa related to tropical flora, especially to those with which links with South America may be established. Only 4% of the species of the tropical zone belong to elements of wide distribution. This zone completely lacks species of Holarctic and cosmopolitan distribution. In contrast, taxa related to the tropical element, Sonoran endemics and Baja Californian endemics, represent 39.6% of the genera and 69.3% of species. Two provinces are distinguished in the tropical zone: Baja Californian and Sanlucan. Besides their differentiation by vegetation types specific to each [19] , both provinces can be floristically distinguished. In the Baja Californian province, we find plants of Southern Mediterranean-Tropical distribution that are completely lacking in the Sanlucan province. Tables 3  and 4 reveal a clear floristic separation between subgroup TRO-1 and the remaining three tropical subgroups. The taxa differentiating subgroup TRO-1 with respect to the subgroups TRO-3 and TRO-4 are characteristic elements of the Baja Californian floristic province. The southernmost subgroups TRO-3 and TRO-4 show a set of taxa that are endemic to the Sanlucan province or whose distribution area in Baja California is restricted to this province. The Sanlucan province has long been known to be an important area of biogeographical differentiation, whose floristic catalogue contains 1053 vascular plants, 293 of which are peninsular endemics, including 132 local endemics [10] . The history of geological isolation of the Sanlucan province as an island, since its formation in the late Jurassic-early Cretaceous up until Plio-Pleistocene times [75] could help explain the original nature of this province.
Conclusions
(1) There are eight phytogeographical provinces along the coast of the North American Pacific: Hudsonian, Sitkan, Oregonian, Northern Californian, Southern Californian, Martirense, Bajacalifornian, and Sanlucan, characterized in our cluster analysis by floristic differences. According to our analysis of vascular flora, floristic differences among provinces are related to palaeoclimatic and palaeogeographical events. The flora of the area examined includes endemic elements as well as elements of wider distribution, allowing us to establish relationships with the floras of Eurasia, Africa and South America.
(2) The northern provinces Hudsonian, Sitkan, and Oregonian present high percentages of broadly distributed elements, whose origins can be found in the Boreotropical or Arcto-Tertiary geoflora that dominated the Northern
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Journal of Botany Table 7 : Summary of differential and common taxa of the Californian (CAL, including the Northern,Southern and Martirense provinces) and tropical (TRO, including the Bajacalifornian and Sanlucan provinces) phytogeographical zones. Further differential taxa of the two zones can be found in Table 6 (species marked with an asterisk in Table 6 are Californian differential taxa). Scores as in Table 5 . Hemisphere during the Tertiary. The temperate and boreal macroclimates that characterize these northern areas are widespread at the continental and intercontinental level, allowing the intense exchange of species. Accordingly, these provinces show very low proportions of local endemics and exclusive species. The influence of the glaciations of the Pleistocene is also appreciable in boreal and temperate areas although the lack of effects of glaciations in Alaska-Yukon has led to the survival of some Hudsonian endemics.
(3) The floristically richest provinces in terms of their high number of endemic taxa are the three that occupy the Mediterranean zone, since these provinces harbour elements of the Arcto-Tertiary and Madro-Tertiary geofloras. Moreover, the Mediterranean coast acted as a refuge sheltering plants from the climatic events of the Late Tertiary and Quaternary that decimated the flora of the more northern provinces.
(4) The boreal zone has the highest percentage of widely distributed elements (Cosmopolitan, Holarctic, North American, and Western North American), which together represent 63.6% of the species and 79.6% of genera. It is also the group with the greatest proportions of genera and species showing a North American-Eastern Asian distribution, which seems to be attributable to the persistence of the Bering Land bridge up until 10.000 years ago. Close to 12% of its species are endemic. This can be linked to the lack of glaciations in Central Yukon during fullglacial periods.
(5) Within the boreal zone, we can distinguish two phytogeographical provinces: Hudsonian and Sitkan. The first province, widely extended across the boreal climate zone of North America, only reaches as far as the Pacific coast at Cook Inlet, Alaska. The Hudsonian climax forests dominated by Picea glauca constitute the main difference between this province and the Sitkan province, whose coastal forests are dominated by Picea sitchensis.
(6) The temperate climate zone is the second in importance in terms of its proportions of wide-distribution elements, which account for 49.9% of the species and 42.1% of genera. Only two species are endemic to this zone because of the broad expansion of the temperate climate across North America, which has allowed the substantial interchange of taxa on the continental scale. Hence, the temperate group is the one showing the highest proportions of taxa belonging to the subelements North American and Western North American. No significant floristic differences were detected in the temperate climate zone, which may be considered as a single province, indisputably denoted the Oregonian province. Between the Oregonian and the Northern Californian provinces there is a large transition zone, and the limits of the two provinces have been ascribed different latitudes. Our floristic analyses locate this boundary at around 42 • N, coinciding with substantial changes in the flora and coastal vegetation.
(7) Only 21.5% of the species of the Mediterranean climate zone belong to the elements of wide distribution that 24 Journal of Botany predominate in the boreal and temperate floras. In contrast, it is the zone with the highest concentrations of endemic genera and species, such that it bears a close relationship with the dual origin of its flora and with the climatic isolation of the Mediterranean zone in North America. (8) Phytogeographically, the entire Mediterranean climate zone could be included in the Californian region, in which three provinces can be discerned: Northern Californian, Southern Californian, and Martirense. These provinces are clearly differentiated by differences in their floristic elements, and by the presence in each of endemic species. The Mediterranean climate zone of northwestern Baja California (Martirense province) has the highest concentration of endemic species. Three genera (Cneoridium, Ornitostaphylos, and Xylococcus) are exclusive endemisms and a further three (Aphanisma, Bergerocactus, and Harfordia) are nearly endemic.
(9) The flora of Baja California, except in its northwestern corner, is characterised by a high number of taxa related to tropical flora, especially to those with which links with South America may be established. Only 3.9% of the species of the tropical zone belong to elements of wide distribution. In this zone, species of Holarctic and cosmopolitan distribution are totally lacking. In contrast, taxa related to the tropical element, Sonoran endemics and Baja Californian endemics, represent 40% of the genera and 70% of species.
(10) Two provinces are distinguished in the tropical zone: Baja Californian and Sanlucan. Besides their differentiation by vegetation types specific to each, both provinces can be floristically distinguished. In the Baja Californian province, we find plants of Southern Mediterranean-Tropical distribution, completely lacking in the Sanlucan province. This latter province also sustains a high number of endemic taxa, including the endemic genus Coulterella.
